Abstract: Identificación de especies de árboles en peligro o amenazadas de Costa Rica basada en la anatomía de la madera y fluorescencia. A total of 45 native Costa Rican tree species are threatened or in danger of extinction, but the Convention on International Trade Endangered Species (CITES) includes only eight of these in its Appendices. However, the identification of other species based on their wood anatomy is limited. The present study objective was to describe and to compare wood anatomy and fluorescence activity in some endangered or threatened species of Costa Rica. A total of 45 (22 endangered and 23 threatened with extinction) wood samples of these species, from the xylaria of the Instituto Tecnológico de Costa Rica and the Forest Products Laboratory in Madison, Wisconsin, were examined. Surface fluorescence was positive in eight species, water extract fluorescence was positive in six species and ethanol extract fluorescence was positive in 24 species. Almost all species were diffuse porous except for occasional (Cedrela odorata, C. fissilis, Cordia gerascanthus) or regular (C. salvadorensis and C. tonduzii) semi-ring porosity. A dendritic vessel arrangement was found in Sideroxylon capari, and pores were solitary in Guaiacum sanctum and Vantanea barbourii. Vessel element length was shortest in Guaiacum sanctum and longest in Humiriastrum guianensis, Minquartia guianensis and Vantanea barbourii. Finally, anatomical information and fluorescence activity were utilized to construct an identification key of species, in which fluorescence is a feature used in identification. Rev. Biol. Trop. 61 (3): 1133-1156. Epub 2013 September 01.
For its size (51 000km 2 ) Costa Rica is one of the most biodiverse countries in the world. Of its 10 000 plant taxa, 1 300 are endemic and more than 25% of these are considered rare (Burger 1980) . Nonetheless, intensive deforestation began at the start of the twentieth century, and reached levels in excess of 50 000ha per year in the 1970s (Alvarez 1986). Natural forest decreased to only 24.4% by 1987 24.4% by (Sán-chez et al. 2001 .
Tree timber species receive the highest degree of protection, and two actions are used to protect them: the promulgation of laws and government decrees to stop the cutting of 18 commercial species (Costa Rica 1997) protected by international conventions such as CITES, and actions limiting harvesting in certain areas of the country (Costa Rica 1996a , 1996b . A number of important timber-producing species have been identified by some experts as threatened species due to their rarity (Jimenez 1999) . Identification of these timber-producing species using floral and tree characteristics has been widely described (Jimenez 1999) . In contrast, identification of these species based on their wood anatomy is limited to only a few species: examples are the species included in CITES Appendices I and II. The CITES Identification Guide-Tropical Wood (CITES 2002) has a general identification key with illustrations of the transverse sections of each species. The book is intended for non-experts ) and its use is limited. More recently, the International Association of Wood Anatomists (IAWA) published several wood descriptions of tree timbers included in CITES (Gasson 2011 .
Recently, wood anatomical identification has been accompanied by other analyses that together with special methods, can achieve precise identification that are useful in identification of endangered or threatened species. Some of these techniques are relatively easy to implement, for example, wood density, surface fluorescence, or fluorescence of water or ethanol extracts. (Miller & Wiemann 2006 , Guzman et al. 2008 , Wiemann & Ruffinatto 2012 . Studies of anatomical features accompanied with complex statistical procedures, such as the use of multivariate analysis, helps to identify CITES species , MacLanchlan & Gasson 2010 .
The objective of the present study was to describe and compare wood anatomy, fluorescence, and density of endangered or threatened species of Costa Rica, and to use these characteristics to build an identification key. The key will allow monitoring of the use and commercialization of these tree species (endangered or threatened) in Costa Rica, and perhaps will be also useful to other countries in the region.
MATERIAL AND METHODS

Wood samples and permanent slides:
A total 45 timber species growing in Costa Rica were analyzed from March to December of 2010, 22 of which are considered as endangered species by the Costa Rican Government (Costa Rica 1996a and 1996b , Costa Rica 1997 (Table 1) . Another 23 timber species studied are considered to be in threat of extinction in this country (Jimenez 1999) (Table 2) . Wood samples of all the species were obtained from the Forest Products Laboratory (FPL), Wisconsin-USA collection (MADw and SJRw) and the Instituto Tecnológico de Costa Rica (ITCR) collection (TECw). Their sample numbers are detailed in tables 1 and 2. In some cases only one sample and slide was available, so it was necessary to prepare additional permanent slides of these species. To do this, a block (1cm 3 ) was obtained from a wood sample and was softened in hot water. Tangential, radial and transverse sections were cut (12-15μm thick). These sections were stained with safranin and dehydrated with a series of alcohol (5 minutes each in 50, 70 and 95%); finally, sections were rinsed and mounted on microscope slides. Furthermore, a small piece was cut from each wood block to prepare macerated wood using Franklin's method (Ruzin 1999) . 
RESULTS
General aspects: 22% (ten species) were Papilionaceae, 18% (eight species) were Caesalpiniaceae, 13% (six species) were Meliaceae, 9% (four species) were Podocarpaceae, 7% (three species) were Lecythidaceae, 4% (two species) each were Caryocaraceae or Humiriaceae; other families represented the 27% (12 species) of endangered or threatened timber species endemic to Costa Rica. Most of these species are used in heavy or light construction or handicrafts; however, species in the Meliaceae are utilized for furniture manufacturing. High wood density was a characteristic of most of the species, and the main use of the lumber was construction (Table 1 and 2).
Fluorescence test: Surface fluorescence was positive in 11 species. This represented 24% of the total number of species. Fluorescence in Caryocar costaricense, Copaifera aromatica, Astronium graveolens, Mora oleifera and Myroxylon balsamum was green, greenish, or weak green, whereas in Dussia macroprophyllata, Lecythis ampla, Hymenolobium mesoamericanum, Peltogyne purpurea and Tachigali versicolor it was yellow, yellowish or weak yellow (Table 3) .
Water extract fluoresced in only nine species (Table 3) . The fluorescence was yellow in Copaifera species, H. mesoamericanum and P. purpurea and green in Cordia gerascanthus, A. graveolens, M. balsamum and Platymiscium species (Table 3) . C. gerascanthus and Platymiscium species did not show surface fluorescence, but they did show water extract fluorescence (Table 3) .
Ethanol extract fluorescence was found in 31 of the species. The fluorescence was greenish blue or yellow, weak or light green, purple, yellowish or bluish ( General features of endangered or threatened species: Porosity: Diffuse porosity was common in endangered or threatened species, being found in 39 species. Three species were both diffuse and semi-ring porous (C. odorata, C. fissilis and C. gerascanthus) and two species were semi-ring porous (Cedrela salvadorensis and C. tonduzii). Sideroxylon capari was unique with a radial or diagonal pore pattern (Fig. 1a) . Almost all of the species had solitary pores and pore multiples. However, the percentage of solitary pores was higher than 85% in G. sanctum and V. barbourii, so these species can be classified as pores exclusively solitary. Higher frequency of multiple pores (>15 pores/mm 2 ) was measured in three species: C. guianensis, P. purpurea and T. guayacan. Pores frequency was the highest in Guaiacum sanctum, and M. balsamo. Lower pore frequencies (<2 pores/mm 2 ) were observed in C. tonduzii, D. retusa, D. ), LV=Length of vessels (µm), DV=Diameter of vessels (µm), PP=Perforation plates, S=simple perforations plate, Sc=scalariform perforations plate, Deposits: T=tyloses, G=gums, A=absent, DIP=diameter of intervascular pits (µm), VRP=Vessels-ray pitting according to IAWA class: 30: Vessel-ray pits with distinct borders; similar to intervessel pits in size and shape throughout the ray cell, 31: Vessel-ray pits with much reduced borders to apparently simple: pits rounded or angular, 32: Vessel-ray pits with much reduced borders to apparently simple: pits horizontal (scalariform, gash-like) to vertical, 33: Vessel-ray pits of two distinct sizes or types in the same ray cell, 35: Vessel-ray pits restricted to marginal rows (IAWA, 1989). "-" anatomical feature absent, "+" anatomical feature present, "?" unknown feature.
macrophylla, H. mesoamericanum, L. ampla and Platymiscium curuense.
Vessel lengths for these species varied from 93 to 1 160mm ( Simple perforation plates were found in almost all species (Table 3) . However, H. guianensis (with 10-20 bars), M. guianensis (with <=10 bars) and V. barbourii (with <=20 bars) had scalariform perforations.
Tyloses, deposits or gum were found in the vessels of almost all of the angiosperm species (Table 3) . Gum was the most common substance in vessel lumina. Nevertheless, neither substance was observed in three of the angiosperm species: D. macroprophyllata, Sclerolobium costaricense and V. barbourii.
All angiosperm species had alternate polygonal pits. Their diameter was minute (<4µm) in 14 species and large (>=10µm) in five species. Pits in the other species were from 4 to 10µm in diameter (Table 3) .
Vestured pits were found in all species of Fabaceae (Caesalpixiaceae, Mimosaceae, Papilionaceae) and in V. barbourii (Table 3) . Vessel-ray pits with distinct borders, similar to intervessel pits in size and shape throughout the ray cell, were common. They were found in almost all species. Other pits shapes were found in C. guianensis (Table 3) . Vessel-ray pits were restricted to marginal rows in C. costaricense. Vessel-ray pits with much reduced borders to apparently simple, with pits rounded or angular and horizontal (scalariform, gashlike) to vertical (palisade) were found in A. graveolens and Caryodaphnopsis. burgeri (Fig.  1c) , C. guianensis, and O. pterocarpa . Vesselray pits were restricted to marginal rows in V. barbourii. L. ampla had vessel-ray pits with much reduced borders to apparently simple: the pits were horizontal (scalariform, gash-like) to vertical (palisade).
Fibers: as expected, gymnosperm species tracheids were longer than most of the angiosperm fibers, being almost 2mm length. However, the fiber length of V. barbourii was the longest of any species at 2.45mm. Fiber length varied from 1.50 to 1.95mm in C. costaricense, C. burgeri, C. gerascanthus, D. macroprophyllata, H. mesoamericanum (Table  4) . Septate fibers were observed only in A. graveolens, G. sanctum and Swietenia species (Table 4) . In the angiosperms, fibers with simple to minutely bordered pits were most common in H. guianensis, L. ampla and V. barbourii. Distinctly bordered pits were common in both radial and tangential fiber walls. The tracheids of species of the Podocarpaceae had, as expected, bordered pits in radial walls. Many of the angiosperm species had storied fibers (Table 4) . Crystals were only found in the fibers of P. gruberi.
Ray parenchyma: Ray height over 1mm was observed in five species (C. costaricense, C. gerascanthus, M. guianensis, P. purpurea and Q. paraensis) , representing 11% of the species. Rays were exclusively uniseriate in eight species (Fig. 1b) : four Podocarpaceae ( Fig. 1d  and 1e ) and four angiosperms (G. sanctum and Platymiscium species). Rays 1-3 cell in width were the most common, represented by 23 species (51% of total species) (Table 4). Large rays (over 8 cells in width) were observed in eight species (18% of total species) ( Table 4) . The rays of C. aromatica, C. gerascanthus and P. purpurea were 4-10 seriate. Ray frequency varied from 2 to 20 rays per mm (Table 4) . The lowest frequencies were found in C. burgeri and L. ampla and the highest ones (>14 rays/mm) were in Cynometra hemitomophylla, G. sanctum and H. guianensis. Rays composed mostly of procumbent cells were observed in 17 species (38% of total species) and heterogeneous rays were in 19 species (42% of total species). Nine species had both homogeneous and heterogeneous rays (Table 4) . Storied rays were found in 14 species (Table 4) . Two heights were found in D. macrophylla, P. purpurea and Swietenia species. Crystals were observed in ray cells of 27 species (60% of total species); in 11 species (24%) crystals were found in the marginal ray cells only (Table 4) costaricense. Almost all the species of angiosperms had paratracheal parenchyma (Table 5) . Scanty paratracheal parenchyma was present in sixteen species, and vasicentric parenchyma was found in A. graveolens, C. odorata, C. fissilis, C. tonduzii, C. gerascanthus and T. versicolor . Three or more different paratracheal types were observed in 17 species (38% of total species). Aliform and confluent parenchyma was very common in several species. Banded parenchyma was observed in 30 species (68 of total species; 73% of angiosperm species). Parenchyma marginal or in wide bands (more than 3 cells wide) were the most common banded parenchyma ( Meliaceae species: Two genera of Meliaceae were analyzed: four species of Cedrela (C. odorata, C. salvadorensis, C. fissilis and C. tonduzii) , and two species of Swietenia (S. macrophylla and S. humilis). The wood anatomy of these species, especially C. odorata, C. fissilis and S. macrophylla, has been described by several authors (Panshin 1933 , White & Gasson 2008 . Four species of Meliaceae (C. salvadorensis, C. fissilis, S. macrophylla and S. humilis) are considered as endangered and their cutting has been prohibited in the natural forest in Costa Rica (Costa Rica 1996a). Felling of the other species, C. odorata and C. tonduzii, is permitted. Therefore, it is important to have a method to separate the species. The species of Swietenia are easily separated from species of Cedrela by anatomical features such as storied rays (Fig. 2g , h, i) and diffuse porosity in Swietenia but not in Cedrela (Fig. 2a-2i ).
Platymiscium species: some differences were found among species of Platymiscium include presence of traumatic canals in Platymiscium parviflorum (Fig. 3a) but not in the other species (Fig. 3b) . Platymiscium pinnatum var. polystachyum had irregularly storied rays ( Fig. 4c ) whereas in the other species storing was well-defined (Fig. 4a, 4b and 4d) . The parenchyma was paratracheal in P. pinnatum var. polystachyum but not in other Platymiscium species. It was scanty, unilateral paratracheal, winged-aliform in P. pinnatum var polystachyum (Fig. 3b) , but lozenge-aliform in the other species. We also found marginal parenchyma in P. pinnatum var polystachyum (Fig. 3b) .
Couratari species:
The two Couratari species can be distinguished by several differences. C. scottmorii has narrow reticulate parenchyma bands that are two cells wide (Fig.  5b) , whereas reticulate bands in C. guianensis are up to four cells wide (Fig. 5a) . Rays are 1-3 seriate in C. scottmorii (Fig. 5d) , but up to 5-seriate in C. guianensis (Fig. 5c) . The frequency of silica bodies is different among species, with, the highest frequency observed in C. guianensis. The vessels-ray pits in C. scottmorii have much reduced borders and the pits are rounded or angular, unlike those of C. guianensis which are horizontal (scalariform, gash-like) to vertical (palisade).
Copaifera species:
The two Copaifera species differed mainly by paratracheal parenchyma and ray dimensions. Paratracheal parenchyma is more abundant in C. aromatica than in C. camibar. It is vasicentric 2-3 cells in width in Copaifetra aromatica (Fig. 6a ), but scanty paratracheal or vasicentric 1-2 cells in C. camibar (Fig. 6b) . The rays are 1-3 cells wide and high in C. camibar (Fig. 6d ), but were commonly 4-10 seriate and low in C. aromatica (Fig. 6c) . There is no difference in the resin canals of the species.
Podocarpaceae species: We looked at two genera: three species of Podocarpus (P. costaricensis, P. guatemalensis and P. macrostachys) , and one species of Prumnopitys (P. standleyi). Axial parenchyma is present in P. macrostachys and P. costaricensis (Fig. 7a-7b ) and is scanty in P. guatemalensis and Prumnopitys standleyi (Fig. 7c-7d) . The highest proportion of axial parenchyma was observed in P. macrostachys (Fig. 7a) , it was rare to moderately abundant in P. costaricensis (Fig.  7b ) and scanty in P. guatemalensis (Fig. 7d) . Another important difference between Podocarpus and Prumnopitys is ray height. Rays were highest in P. macrostachys (5 to 10 cells) (Fig. 8a ), but they were only 2-4 cells high in P. costaricensis (Fig. 8b) . Ray frequency is highest in P. guatemalensis (Fig. 7c) . The rays of 
Key for identification
The following identification key was developed to distinguish among the 45 timber species considered to be endangered or threatened in Costa Rica. This key use microscopic wood features as well and fluorescence and wood density. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17 16b. Pores solitarys and in groups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18 17a. Ray frequency high, fibers septate and storied, apotraqueal parenchyma diffuse and diffuse-in-aggregates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Guaiacum sanctum 17b. Perforation plates scalariform, axial parenchyma diffuse, . Semi-ring porous, parenchyma vasicentric, rays heterogeneous ray and 1-3 seriates in width . 20a. Parenchyma aliform, rays heterogeneous and 1-3 seriate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cedrela fissilis 20b. Parenchyma diffuse, paratracheal scanty and vasicentric and in marginal or in seemingly marginal bands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cedrela tonduzii 21a. Rays uniseriate, pits vestured, axial parenchyma vasicentric, vessels with helical thickenings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sclerolobium costaricense 21b. Rays multiseriate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .23 23a. Axial canals, parenchyma vasicentric, lozange-aliform; confluent, and wide band banded with 2 and 3-4 cells per parenchyma strand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Prioria copaifera 23b. Axial canals absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24 24a. Rays storied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25 24b. Ray not storied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27 25a. Ray homogeneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26 (Pérez 1993 , Espinoza & León 2002 ) . However, Detienne & Jacquet (1983) reported that rays are irregularly storied in P. ulei, similar to P. pinnatum var polystachyum.
The differences found in Couratari species agreed with previous research, which has also reported differences. For example Leon (2008) separated C. guianensis from C. multiflora by ray width, and Richter (1982) maintained that parenchyma distribution as well as type and configuration of inorganic contents can be employed for separating species of Lecythidaceae. Canessa (1989) agreed with our results in Copaifera species; he found that the axial parenchyma in C. camibar was different than that of C. officinalis and C. pubiflora. Parenchyma is reported to be vasicentric, aliform to confluent, and aliform of the lozenge type in these species (Melandri & Espinoza de Pernía 2009) . The ray dimensions and axial parenchyma of some Copaifera species are characterized by high anatomy variation (Regina et al. 2002) , and our results confirm that.
On the other hand, Patel (1967) found similar results in Podocarpaceae species when he evaluated axial parenchyma. They mentioned that numerous species of the genus Podocarpus are characterized by diffuse axial parenchyma and a considerable variation of trached crossfield pit apertures (size, form, number per cross-field). Scanty axial parenchyma in P. guatemalensis can be used for separating this species from other Podocarpaceae in Costa Rica. This is in agreements with P. spicatus growing in New Zealand, in which the lack of axial parenchyma is the main feature to separating it from other Podocarpus species. Abundant axial parenchyma also separates P. macrostachys from P. costaricensis and P. guatemalensis. Patel (1967) agreed with this result: he found that P. dacrydioides can be separated from P. totara, P. hallii and P. acutifolius by the abundance of axial parenchyma. Bauch et al. (2006) mentioned that P. costarricensis has more axial parenchyma than the commercially important species P. salignus growing in Chile and Argentina.
Many of the Costa Rican species included in this study, are also present in other tropical regions, and our results, both as wood descriptions and the identification key, and are applicable to the wider region. Species conservation is a goal for many countries, especially in countries where deforestation of natural forests has increased in the last few years. There is a strong interest to protect timber species which have been over-exploited for many years. This identification key and wood descriptions will assist in the protection of species categorized as endangered or threatened, and will promote reliable conservation plans. Finalmente, la información de la anatomía y de su fluorescencia se utilizó para construir una clave de identificación, donde la actividad de fluorescencia juega un papel importante en la identificación.
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